Abstract: Local authorities investing in fiber broadband networks must meet the market investor principle. We apply a game theoretic approach to model the impact of inter-platform competition on the viability of the fiber business case.
Introduction
The rollout of fiber networks in existing broadband market is expected to have a large impact on the competitive equilibrium. In case the newly deployed fiber network is rolled out by a third party, it will compete for retail customers with the legacy copper and cable infrastructures. When an incumbent rolls out the network, it will cannibalize revenues of their existing network. As a result, the fiber business case is expected to be put under pressure, since lower uptake due to competition significantly reduces the economic viability.
In Europe, the actors deploying the infrastructure are mostly not private ones. In Sweden, most physical fiber infrastructures have been deployed by municipalities (e.g. Stockholm). In the Netherlands, the city of Amsterdam has a share of 30% in the fiber deployment company [1, 2] . The main rationale is that a fiber network has a public policy case, as it is expected to attract companies, to close the digital divide and increase tax income [3] .
However, the investment of public money is bound to European regulation. The investment is only allowed in white areas, where no broadband infrastructure is currently available, or planned by private players to be deployed within the next three years [4] . In all other zones, public money can only be invested according to the market economy investor principle. The public player invests money on the same conditions as a private player would. Municipal infrastructure providers (MIP) that wish to deploy next generation access networks should proof that a viable business case can be obtained for the deployment, taking into account competition. In techno-economic analysis, the concepts and tools from game theory are used to model competitive interaction.
In this paper, the competitive game on the retail market between the legacy operators and the newly deployed MIP infrastructure is studied. A model is developed and tested on an FTTH deployment case in the city of Ghent, Belgium. It is indicated that deploying a fiber infrastructure in an urban environment is viable, even under competition with other infrastructures.
Inter-platform competition with municipal fiber
In the existing competitive environment, the rollout of a municipal fiber network will have an impact on the current market division. The emergence of a new broadband infrastructure and the resulting inter-platform (or interinfrastructure) competition could impact the existing market shares. Starting from the current situation, the introduction of new offers will churn retail customers from the existing offers. We refer to [5] and [6] for an introduction to and application of the modeling of market shares.
The presence of an FTTH network offers a range of new strategic options to the existing players, which will in turn impact the profitability of the MIP. In this research, the competition between an MIP, an existing infrastructure owner (Telco) and alternative network providers (ANP) is studied. ANPs are defined as players using leasing offers to offer broadband services.
Strategic choices for the different operators
The Telco has various possible strategies to react to the presence of a fiber infrastructure. The first strategy is continuing to use the legacy copper network. As the copper Telco has a significant market share on the retail market, lock-in effects could assure that their market share only decreases slowly. However, in case the newly deployed fiber network is an open access network, nothing withholds the Telco to formulate a fiber broadband offer. In this case, it buys wholesale access from the MIP. As a third strategy, the Telco can choose to deploy its own fiber network. Here, it needs to be taken into account that when deploying its own fiber network, the operator can engage in a joint infrastructure rollout [7] .
Existing ANPs depend on leasing offers. For the ANPs, the emergence of an open access fiber infrastructure offers them the opportunity to choose between the fiber platform and the copper platform to provide retail services.
Up to here, the municipal fiber network was assumed to be an open access network. The MIP can also decide to allow only one ANP on its network and remain a closed network. In this case, the copper incumbent and ANPs will not be able to buy wholesale access on this network.
Business models for competitors
 For a description of the MIP and fiber ANP models, we refer to [8] . These model consists of an equipment dimensioning for central offices and street cabinets driven by customer uptake. Additionally, the total required trenching, ducts and fiber length was calculated using GIS based models. A comparable model was built for the synergetic rollout [7] , where cost savings in deployment were taken into account.
 The Telco model is based on two different submodels, a wholesale model and a retail model. In the wholesale model, the costs and revenues the Telco incurs from offering access to ANPs are calculated. For the retail model, the cost is based on the bitstream access prices, supplemented with a cost for service provisioning. Additionally, an extra cost to connect a new customer is included. The revenue model is based on the monthly subscription price per customer. In case the Telco decides to roll out its own fiber network, the used model is comparable to the MIP model.
 Comparable to the Telco model, the ANP copper access model is based on a simplified cost-benefit model, starting from the existing regulated access prices. Per customer, the ANP pays a monthly price to the Telco. Again, extra costs were taken into account for service provisioning and customer connection. The revenue model simply multiplies the number of customers with the yearly income.
Game theoretic analysis of inter-platform competition
To model the market shares of the different offers, a market model was developed based on [5] . The monthly retail prices for the different offers can be found in [9] .
Impact of competition on the business cases
The graphical representation of the game can be found in Fig. 1 . The payoffs represent the NPV for each player after 25 years in millions € in the form (payoff Telco, payoff Public MIP, payoff ANPs). It is immediately clear that under the given circumstances, an FTTH rollout is unviable in case the MIP chooses for a closed network. Even with an open access network, it is required that all players move towards this network to result in sufficient uptake for the MIP to have a positive business case. When looking at the rollout of two fiber infrastructures, it is clear that this is uninteresting for both infrastructure owners.
When analyzing the game in more detail, two Nash equilibria (NE) are obtained. The first NE, where no player can unilaterally change its strategy to improve its payoff is [STAY -CLOSED -COPPER] (indicated in gray in Fig.  1 ). In case the municipality chooses for a closed network, the Telco can only choose between two strategies, namely deploying its own network, or compete through the legacy copper network. The latter strategy clearly dominates the fiber deployment option. In this case the ANPs can only choose to continue buying access from the Telco. However, this NE is clearly negative for the business case of the municipal fiber network. The second NE is [MIGRATE -OPEN -FIBER] (indicated in negative in Fig. 1 ). In case of an open access network, the ANPs will migrate to the more profitable MIP network. In order to retain its market share in the broadband market, the Telco will also choose to migrate towards this MIP network. While this second competitive equilibrium could also result from the free competition between the different players, it is also the Pareto optimal strategic combination. In this point, no player can change its strategy to improve its payoff, without hurting another player. The MIP can influence the strategic choices of the competition. By choosing for an open access network, the physical network will attract the ANPs as well as the Telco, and have a viable business case.
Conclusions
Rolling out a fiber infrastructure as municipality will happen in the existing competitive broadband market. As a result, the new fiber based offers will have to compete for market share with existing legacy copper networks and cable networks. Additionally, when multiple ANPs are allowed on top of the physical infrastructure, intra-platform competition will most likely also impact the business case of the fiber infrastructure.
When investing, public authorities need to meet the market economy investor principle. In this paper, we indicated the importance of taking into account competitive interactions by modeling a realistic market environment. Secondly, by using a game theoretic analysis, we modeled the dynamic interaction between different operators and indicated the prevailing competitive equilibrium and the viability of the business case in each strategic combination.
In the specific case studied in this paper, two equilibria existed in this competitive environment. Either the fiber infrastructure was a closed infrastructure, forcing the existing operators to stay on the legacy networks. In this case the business case for the fiber network (MIP+ANP) was unviable. However, the second equilibrium, where the MIP opted for an open access infrastructure, resulted in existing players migrating to this infrastructure. As a result, the business case for the infrastructure provider improved significantly. This equilibrium is a NE, and could be reached under competitive interaction. However, the MIP can push the market towards the more preferred Nash equilibrium. In fact, the equilibrium where all players migrate towards the fiber network is also Pareto optimal, and is thus be preferred. The MIP can choose the playing field when deploying its infrastructure. By opening up the physical infrastructure, it can push the other actors towards the social optimal situation. In this situation, the payoff for the newly deployed fiber infrastructure is positive, while the other operators also have a positive business case. No player is inclined to move from this situation. In this case, a public player can obtain a positive business case, as required by regulation.
